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1
Abstract
In metric formalism, Noether symmetry of F(R) theory of gravity in vacuum and in the presence of pres-
sureless dust yields F (R) ∝ R 32 along with the conserved current d
dt
(a
√
R) in Robertson-Walker metric and
nothing else. However, Roshan et.al. has claimed in Phys.Lett.B668, 238(2008) [1] that Noether symmetry in
the context of Palatini F (ℜ) theory of gravity admits F (ℜ) ∝ ℜs , (where s is arbitrary) in matter domain era
in Friedmann- Robertson-Walker universe. But, it has been shown that the conserved current obtained under
the process does not satisfy the field equations in general. Here, it is shown that Noether Symmetry admits
F (ℜ) ∝ ℜ 32 along with a conserved current Σ0a[ a˙
a
+ Φ˙
2Φ
] in Palatini gravity. Thus, their claim is not right.
Keywords: Palatini gravity, Noether symmetry.
Mathematics Subject Classification 2010 : 04.20.Cv, 35B06.
1 Introduction
Modified theory of gravity has been advocated as a strong contender to alternative theory of dark energy, since
it can possibly reconcile early inflation with late time cosmic acceleration [2, 3]. However, neither setting a form
of F (R) by hand [4], nor reconstruct it from the history of cosmic evolution [5] is viable option since, arbitrarily
many such models might pass the solar test and admit cosmological bound, and there would be no means to select
the appropriate one. Rather, it should be chosen following some fundamental physical consideration, like loop
quantum gravity or by invoking Noether symmetry. Loop quantum gravity does not provide a term suitable for
late time cosmic acceleration. Therefore, Noether symmetry is preferred [6, 7, 8]. Noether symmetry had been
applied initially by Rugeiro and his co-workers [9, 10] in cosmology, to find the form of the scalar potential in
scalar-tensor theory of gravity. The potential so found was exponential, which is suitable to drive inflation in the
early stage of cosmic evolution. In view of such exciting results, till date, there has been numerous attempts in
this field. Of particular importance are its application in scalar-tensor theory of gravity [11, 12, 13] and in higher
order theory of gravity [6, 7, 8, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24].
F (R) theory of gravity, is a class of extended theories of gravity (ETGs) that represents one of the simplest
modifications to GTR [25]. Such a theroy arises from replacing the Ricci scalar R in the Einstein-Hilbert action,
by a more general and arbitrary function of F (R) [4, 26]. There exists three flavours of F (R) theory of gravity,
by the names, metric, Palatini, and metric affine formalisms. While different formalisms of the theory of general
relativity lead to the same field equations due to the linearity of the action in the Ricci scalar R , the same is
not expected for higher order theories of gravity [27]. Metric formalism contains fourth order field equations. An
advantage of Palatini formulation rely on second order field equations which turns out to be more easy to solve.
In this sense the Palatini formalism is more easy to handle and simpler to analyze then the corresponding metric
formalism. A more extensive description may be found in [28].
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Results (metric formalism) in a nutshell are (i) Noether symmetry gives F (R) = F0R
3
2 along with a conserved
current d
dt
(a
√
R) in R-W metric when coupled to pressure-less dust or in vacuum [6, 7, 8, 13]. (ii) It does not yield
any symmetry when the configuration space is enlarged by including scalar field or in anisotropic model [22]. (iii)
Inclusion of gauge term does not improve the situation [29, 30, 31]. (iv) Exact solution in R-W metric does not
satisfy all cosmological data and a linear term may be necessary in addition [22]. (v) Metric variation of higher
order theory of gravity requires to fix the Ricci scalar in addition to the metric tensor at the boundary. Fixing
Ricci scalar at the boundary implies that the classical solutions are fixed once and forever to the de-Sitter or anti
de-Sitter solutions. Noether Symmetry justify such requirement [32, 33]. (vi) A non-Noether conserved current
exists in general for gravity when a non-minimally coupled scalar field is added to F (R). It has been shown that
it is useful to obtain improved exact solution [22, 31].
Here, Palatini F (ℜ) gravity is considered. In this formalism, the connection (usually torsion free), out of which
the Ricci tensor is defined, is treated to be independent of the space-time metric, i.e., it is no longer the Levi-Civita
connection. As a result, the action is varied both with respect to the metric tensor and the connection. In the case
of Einstein-Hilbert action, Palatini variational techniques reproduces general theory of relativity (GTR) making
the connection to be the Levi-Civita one. The only difference is that the surface term does not arise in the process
and thus the equivalence of the surface term with the black hole entropy is lost. However, for extended theory of
gravity the two variational techniques yield different field equations and hence different Physics altogether. These
issues have been thoroughly discussed in a recent review [3]. To cast the action containing F (ℜ) gravity in the
canonical form in view of Palatini variational formalism it is required to first form a scalar-tensor equivalence of
the theory. However, this theory has been shown to be equivalent to BransDicke theory with w = − 3
2
[34, 35].
Roshan et.al. has claimed [1] that Noether symmetry in the context of Palatini F (ℜ) theory of gravity admits
F (ℜ) ∝ ℜs , (where s is arbitrary) in matter domain era in Friedmann- Robertson-Walker universe. Here we
review the work and prove that such claim is not right. In the following, we first write down the expressions of
action, field equations and Noether Symmetry for F (ℜ) Palatini gravity. Thereafter, Noether symmetry of the
action which leads to explicit forms of F (ℜ) is also discussed. We then review the Rosan et.al. work. Finally
concluding remarks is presented in summary.
2 Action, Field equations and Noether Symmetry
In Palatini F (ℜ) gravity, one treats the metric and connection independently and varies the action with respect
to each of them separately. The matter Lagrangian is assumed to be independent of the connection. The Palatini
F (ℜ) action takes the form
Spal =
1
2κ
∫
d4x
√−g[F (ℜ) + Sm(gµν ,Ψ)], (1)
where, κ = 8piG and F (ℜ) is an arbitrary function of ℜ = gµνℜµν(Γ) and Γλµν is the connection. The matter
action Sm depends on the matter fields Ψ and g
µν . Varying equation (1) with respect to the metric gµν gives
F ′(ℜ)ℜ − 1
2
F (ℜ)gµν = κTµν , (2)
where the prime denotes differentiation with respect to ℜ . The trace of equation (2) gives us the structural
equation of the spacetime controlling (2)
F ′(ℜ)ℜ − 2F (ℜ) = κT (3)
and now variation of equation (1) with respect to connection yields
∇λ(
√−gF ′(ℜ)gµν) = 0. (4)
In fact, taking into account how the Ricci tensor transforms under conformal transformations [28, 36], it has been
shown that
ℜµν = Rµν + 3
2[F ′(ℜ)]2 (∇µF
′(ℜ))(∇νF ′(ℜ))
− 1
F ′(ℜ) (∇µ∇ν −
1
2
gµν)F
′(ℜ),
(5)
2
contracting with gµν to obtain,
ℜ = R + 3
2[F ′(ℜ)]2 (∇µF
′(ℜ))(∇νF ′(ℜ))− 3
F ′(ℜ)F
′(ℜ), (6)
where R is the Ricci scalar.
The matter action Sm(gµν ,Ψ) is
Sm(gµν ,Ψ) =
1
2κ
∫
d4x
√−g[Lm], (7)
in which the Lagrangian Lm corresponding to matter field which is denoted by Lm = −ρm0a3 . One usually
introduce a new field [28, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50] χ = ℜ by which the action (1)
can be written as
Spal =
1
2κ
∫
d4x
√−g[F (χ) + F ′(χ)(ℜ − χ)] + Sm(gµν ,Ψ), (8)
where prime denotes differentiation w.r.t ℜ . Now variation with respect to χ leads to the equation F ′′(R)(χ−ℜ) =
0. If F ′′(ℜ) 6= 0, then χ = ℜ inserting this result reproduces the action and then redefinition the field χ by
Φ = F ′(ℜ) and setting U(Φ) = χ(Φ)Φ− F (χ(Φ)) the action (8) takes the form
Spal =
1
2κ
∫
d4x
√−g[Φℜ − U(Φ)] + Sm(gµν ,Ψ). (9)
Spal =
1
2κ
∫
d4x
√−g[ΦR + 3
2Φ
∂µΦ∂
µΦ− U(Φ)] + Sm(gµν ,Ψ). (10)
Using the F-R-W metric, the Scalar curvature takes the form
R = −6
(
a¨
a
+
a˙2
a2
+
k
a2
)
. (11)
Equation (10) is the Brans-Dicke action with a potential U(Φ) and a Brans-Dicke parameter ω = − 3
2
. Therefore
there is a dynamical equivalence between F (ℜ) theory and a class of Brans-Dicke theories with a potential. The
important point in the said transformation is that the matter sector is remain unchanged. In particular, in this
representation of F (ℜ) theories the matter action Sm is independent of the scalar field Φ. In order to apply the
Noether symmetry approach, in a FRW manifold the Lagrangian related to the action (10) takes the point-like
form
L(a,Φ, a˙, Φ˙) = 6a2a˙Φ˙ + 6aa˙2Φ− 6kΦa+ 3a
3Φ˙2
2Φ
− a3U(Φ)
+ 2κρm0
(12)
The equation of motion can be obtained by varying the Lagrangian to a and Φ , respectively as follows[
2
a¨
a
+
a˙2
a2
+
Φ¨
Φ
+ 2
a˙Φ˙
aΦ
+
k
a2
− 3Φ˙
2
4Φ2
+
U
2Φ
]
= 0. (13)
[
a¨
a
+
a˙2
a2
+
Φ¨
2Φ
+
3a˙Φ˙
2aΦ
+
k
a2
− Φ˙
2
4Φ2
+
U,Φ
6
]
= 0. (14)
Hamiltonian equation (H) is[
a˙2
a2
+
a˙Φ˙
aΦ
+
k
a2
+
Φ˙2
4Φ2
+
U
6Φ
− κρm0
3a3Φ
]
= 0. (15)
3
Noether theorem state that, if there exists a vector field X, for which the Lie derivative of a given Lagrangian L
vanishes i.e. £XL = XL = 0, the Lagrangian admits a Noether Symmetry and thus yields a conserved current.
In the Lagrangian under consideration the configuration space is M(a,Φ) and the corresponding tangent space is
TM(a,Φ, a˙, Φ˙). Hence the generic infinitesimal generator of the Noether Symmetry is
X = α
∂
∂a
+ β
∂
∂Φ
+ α˙
∂
∂a˙
+ β˙
∂
∂Φ˙
(16)
The constant of motion is given by
Σ = α
∂L
∂a˙
+ β
∂L
∂Φ˙
(17)
The existence condition for symmetry of Noether Symmetry £XL = XL = 0, then leads to the following system
of partial differential equations
α+
aβ
Φ
+ 2aα,a +
a2β,a
Φ
= 0 (18)
3αΦ− aβ + 2aΦβ,Φ + 4Φ2α,Φ = 0 (19)
2α+ aα,a + 2Φα,Φ + aβ,Φ +
a2β,a
2Φ
= 0 (20)
6kΦ(α+
aβ
Φ
) + 3a2αU + a3βU,Φ = 0 (21)
The above set of partial differential equations admit the following set of solutions, for k = +1, 0,−1
α = ca(a2Φ)−
(m+1)
(2m+1) (22)
β = c(2m− 1)Φ(a2Φ)− (m+1)(2m+1) (23)
U(Φ) = U0Φ
−3
(2m−1) (24)
One can find the form of F (ℜ), in view of equation (24) as,
F (ℜ) = g(m)ℜ 32m+2 , (25)
and the expression of conserved current reads
Σ = 3c(2m+ 1)a(a2Φ)
(m+1)
(2m+1) [2aa˙Φ+ a2Φ˙]. (26)
It is shown that the above conserved current satisfies the field equations (13) to (15) only for m = 0 otherwise
not. Now, equation (26) gives the expression of conserved current for m = 0 is
Σ = Σ0a[
a˙
a
+
Φ˙
2Φ
]. (27)
It is interesting that the reduced form of F (ℜ) is
F (ℜ) = F0ℜ 32 . (28)
Here, it has been shown that Noether Symmetry selects F (ℜ) ∝ ℜ 32 along with a conserved current Σ0a[ a˙a + Φ˙2Φ ]
in Palatini gravity. Again, it is also clear that the conserved current and the form of Ricci scalar (in view of
equation 6) are also different from metric formalism.
Let us now find out the cosmological solution for F (ℜ) ∝ F0ℜ 32 gravity. It can be written from equation (3),
F ′(ℜ)ℜ − 2F (ℜ) = −κρm0
a3
. (29)
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This equation can be express as an equation of ℜ in term of the cosmic scale factor, that is
ℜ = 2κρm0
F0a2
(30)
Again, it is known that Φ = F ′(ℜ). Now the expression of Φ in term of the cosmic scale factor is
Φ =
Φ0
a
, (31)
where Φ0 = 3
√
κF0ρm0
2
. Therefore, the solution of the cosmic scale factor from the conserved current equation
(27) is
a(t) =
Σ
3c
t+ a0, (32)
where a0 is a constant of integration. However, this type of solution is not bad, such a coasting solution although
fits SnIa data perfectly in the matter domain era [22]. This type of solution was also found analytically earlier [51].
3 Reviewing Rosan et.al. work
It has been shown that Noether symmetry of F (ℜ) theory of palatini gravity also does not admit anything other
than ℜ 32 . But Roshan et al. has been claimed [1] that Noether symmetry admits F (ℜ) ∝ ℜs in palatini gravity,
where s is arbitrary. In the following, let us review the Rosan et al. work. Rosan et al. used the redefinition
Φ = ϕ2 in equation (12) and now the form of point-like Lagrangian (according to their manuscript) is
L(a, ϕ, a˙, ϕ˙) = 12a2a˙ϕϕ˙+ 6aa˙2ϕ2 + 6a3ϕ˙2 − a3U(ϕ)− 2κρm0, (33)
here,
R = −6
(
a¨
a
+
a˙2
a2
)
. (34)
The equations of motion for a and ϕ are[
a¨
a
+
a˙2
2a2
+
ϕ¨
ϕ
+ 2
a˙ϕ˙
aϕ
− ϕ˙
2
2ϕ2
+
U
4ϕ2
]
= 0 (35)
[
a¨
a
+
a˙2
a2
+
ϕ¨
ϕ
+
2a˙ϕ˙
aϕ
− ϕ˙
2
2ϕ2
+
U,Φ
12ϕ
]
= 0 (36)
Hamiltonian equation (H) is
[
a˙2
a2
+
2a˙ϕ˙
aϕ
+
ϕ˙2
ϕ2
+
U
6ϕ2
+
κρm0
3a3ϕ2
]
= 0. (37)
Noether equations for the above point Lagrangian are
3A+ 2ϕA,ϕ + 2aB,ϕ = 0
ϕA+ 2aB + 2aϕA,a + 2a
2B,a = 0
2ϕA+ aB + ϕ2A,ϕ + aϕA, a+ a
2B,a + aϕB,ϕ = 0
3a2AU + a3BU,ϕ = 0
(38)
Rosan et.al. has found the following form of A, B and U(ϕ) in their manuscript
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A = βanϕn−1 (39)
B = −2n+ 1
2n
βan−1ϕn (40)
U(ϕ) = λϕ
6n
1+2n = λΦ
3n
1+2n (41)
They have been solved the equation (41) and found the form of F (ℜ) are
F (ℜ) = g(n)ℜ 3nn−1 (42)
F (ℜ) = αℜ − λα 3n1+2n (43)
The existence of Noether symmetry means that there exists a constant of motion. The constant of motion for
Lagrangian (33) is
Σ = −6β
n
an+1ϕn[a˙ϕ+ aϕ˙]. (44)
Conserved current is not an independent equation, but rather it is the first integral of certain combination of
the field equations. Thus, it is essential to check if the conserved current obtained this process satisfy the field
equations, which was not performed by Rosan et.al. It is shown that the above conserved current satisfies the field
equations (35) to (37) only for n = −1, otherwise not. Therefore, equation (44) yields for the value of n = −1 is
Σ = Σ0[a˙+
aϕ˙
ϕ
] = Σ0a[
a˙
a
+
Φ˙
2Φ
]. (45)
This conserved current is identical with equation (27). Now equation (42) takes the form for n = −1 is
F (ℜ) = gℜ 32 . (46)
It is clear that Noether Symmetry does not admit the arbitrary power of ℜ in Palatini F (ℜ) gravity except
F (ℜ) ∝ ℜ 32 , which is found earlier in equation (28). On the other hand the equation (43) does not valid, since
F ′′(ℜ) 6= 0, which is mentioned above. Thus their [1] claim is not right.
4 Concluding remarks
In summary, earlier attempts (metric formalism) in finding Noether symmetry for F(R) theory of gravity in the
vacuum and matter dominated era yields F (R) = R
3
2 along with a conserved current d
dt
(a
√
R) in R-W metric
[6, 7, 8, 13]. Such a form is not suitable to explain presently available cosmological data [8]. Search of a better
form of F (R) taking a scalar field minimally or non-minimally into account failed to produce symmetry [22]. It is
also found that Noether symmetry does not yield anything new in the presence of gauge [29, 30, 31]. Here, it has
been shown that Noether Symmetry selects F (ℜ) ∝ ℜ 32 along with a conserved current Σ0a[ a˙a + Φ˙2Φ ] in Palatini
gravity. It is also clear that the form of conserved currents and Ricci scalar are also different in both formalism
(metric and Palatini) for higher order gravity. However, Rosan et.al. [1] claimed that F (ℜ) in matter domain era
admits such symmetry for arbitrary power of Ricci scalar (ℜ) in Palatini F (ℜ) gravity. It has been pointed out
that their result is completely wrong, since the conserved current thus obtained does not satisfy the field equations
in general. The only one Noether solution is found in the matter dominated era, which admits a coasting solution
in the form a = a0t , which although fits SNIa data perfectly [22].
References
[1] M. Roshan and F. Shojai, Palatini f (R) gravity and Noether symmetry, Phys. Lett. B668,(2008) 238-240,
arXiv:0809.1272 [gr-qc].
6
[2] S. Nojiri and S. D. Odintsov, Unified cosmic history in modified gravity: From F(R) theory to Lorentz
non-invariant models, Phys.Rept.505,(2011) 59-144.
[3] S. Capozziello and M. De. Laurentis, Extended Theories of Gravity, Phys.Rept. 509,(2011) 167-321.
[4] A. De. Felice and S. Tsujikawa, f(R) theories, Living Rev.Rel. 13,(2010) 3-139.
[5] S. Nojiri and S. D. Odintsov, Modified gravity and its reconstruction from the universe expansion history,
J.Phys.Conf.Ser. 66,(2007) 012005-012029.
[6] S. Capozziello, P. M-Moruno and C. Rubano, Dark energy and dust matter phases from an exact f(R)-
cosmology model, Phys. Lett. B 664,(2008) 12-15.
[7] B. Vakili, Noether symmetry in f(R) cosmology, Phys. Lett. B 664, (2008)16 -20.
[8] K. Sarkar, N. Sk, S. Ruz, S. Debnath and A. K. Sanyal, Why Noether symmetry of F(R) theory yields
three-half power law?, Int.J.Theor.Phys. 52, (2013)1515-1531, arXiv:1201.2987.
[9] R. de. Ritis et. al., New approach to find exact solutions for cosmological models with a scalar field, Phys.
Rev. D 42, (1990) 1091-1097.
[10] R. de. Ritis et. al., Scalar fields and matter cosmologies, Phys. Lett. A 161, (1991) 230-235.
[11] S. Capozziello and R. de Ritis, Relation between the potential and nonminimal coupling in inflationary
cosmology, Phys. Lett. A177, (1993) 1-7.
[12] A. K. Sanyal, C. Rubano and E. Piedipalumbo, Coupling parameters and the form of the potential via Noether
symmetry, Gen. Rel. Grav. 35, (2003) 1617-1635.
[13] N. Sk and A. K. Sanyal, Why scalar-tensor equivalent theories are not physically equivalent?, Int. J. Mod.
Phys. D 26 1750162 (2017), https://doi.org/10.1142/S0218271817501620, arXiv:1609.01824 [gr-qc].
[14] A. Vilenkin, Classical and Quantum Cosmology of the Starobinsky Inflationary Model, Phys. Rev. D 32,
(1985) 2511-2548.
[15] S. Capozziello and R. de Ritis, Noether’s symmetries in fourth order cosmologies, Nuovo Cim. B 109, (1994)
795-802.
[16] S. Capozziello, R. de Ritis, C. Rubano and P. Scudellaro, Noether symmetries in cosmology, Rivista del Nuovo
Cimento 4, (1996) 1-144.
[17] S. Capozziello, R. de Ritis and A. Marino, Recovering the effective cosmological constant in extended gravity
theories, Gen. Rel. Grav. 30, (1998) 1247-1272.
[18] S. Capozziello and G. Lambiase, Higher order corrections to the effective gravitational action from Noether
symmetry approach, Gen. Relativ. Gravit. 32, (2000) 295-311.
[19] S. Capozziello, A. Stabile and A. Troisi, Spherically symmetric solutions in f(R)-gravity via Noether Symmetry
Approach, Class. Quant. Grav. 24, (2007) 2153-2166.
[20] S. Capozziello, S. Nesseris and L. J. Perivolaropoulos, Reconstruction of the Scalar-Tensor Lagrangian from
a LCDM Background and Noether Symmetry, J. Cosmol. Astropart. Phys. 0712, (2007) 009-034.
[21] S. Capozziello and A. De Felice, f(R) cosmology by Noether’s symmetry, J. Cosmol. Astropart. Phys. 0808,
(2008) 016-038.
[22] K. Sarkar, N. Sk, S. Debnath and A. K. Sanyal, Viability of Noether symmetry of F(R) theory of gravity, Int.
J. Theor. Phys. 52, (2012) 1194-1213, arXiv:1207.3219.
[23] A. K. Sanyal, B. Modak, C. Rubano and E. Piedipalumbo, Noether symmetry in the higher order gravity
theory, Gen. Rel. Grav. 37, 407 (2005).
[24] A. Paliathanasis, M. Tsamparlis and S. Basilakos, Constraints and analytical solutions of f(R) theories of
gravity using Noether symmetries, Phys. Rev. D 84, (2011) 123514-123525.
7
[25] H. A. Buchdahl, Non-linear Lagrangians and cosmological theory, Mon.Not.Roy.Astron.Soc. 150 (1970) 1.
[26] T. P. Sotiriou and V. Faraoni, f(R) Theories Of Gravity, Rev.Mod.Phys. 82, (2010) 451-497.
[27] S. Capozziello, M. De Laurentis, and V. Faraoni, A Bird’s eye view of f(R)-gravity, Open Astron.J. 3, (2010)
49-77, arXiv:0909.4672 [gr-qc].
[28] T. P. Sotiriou, Modified Actions for Gravity: Theory and Phenomenology, PhD thesis, SISSA, 2007,
arXiv:0710.4438 [gr-qc].
[29] N. Sk and A.K. Sanyal, Revisiting Noether gauge symmetry for F(R) theory of gravity, Astrophys.space.sc,
342, (2012) 549-555), arXiv:1208.2306 [astro-ph.CO].
[30] N. Sk and A.K. Sanyal, Revisiting conserved currents in F(R) theory of gravity via Noether symmetry,
Chin.Phys.Lett. 30 (2013) 020401, arXiv:1302.0411 [astro-ph.CO].
[31] N. Sk and A.K. Sanyal, Field independent cosmic evolution, Journal of Astrophysics, Volume 2013, Article
ID 590171,(2013), arXiv: 1311.2539 [gr-qc].
[32] S. Ruz, K. Sarkar, N. Sk and A. K. Sanyal, Validating variational principle for higher order theory of gravity,
Mod. Phys. Lett. A 30, 1550119, 1-10, (2015).
[33] K. Sarkar, N. Sk, R. Mandal and A. K. Sanyal, Canonical formulation of PaisUhlenbeck action and resolving
the issue of branched Hamiltonian, Int.J.Geom.Meth.Mod.Phys. 14 (2016) no.03, 1750038, arXiv:1507.03444
[hep-th].
[34] E. E. Flanagan, The Conformal frame freedom in theories of gravitation, Class.Quant.Grav. 21, (2004) 3817-
3826.
[35] G. J. Olmo, The Gravity Lagrangian according to solar system experiments, Phys.Rev.Lett. 95 (2005) 261102,
4pp.
[36] S. Capozziello, F.Darabi, D.Vernieri, Correspondence between Jordan-Einstein frames and Palatini-metric
formalisms, Mod.Phys.Lett.A25(2010) 3279-3289, arXiv:1009.2580 [gr-qc].
[37] P. Teyssandier and P. Tourrence, The Cauchy problem for the R+R**2 theories of gravity without torsion,
J.Math.Phys 24, (1983) 2793.
[38] B. Whitt, Fourth Order Gravity as General Relativity Plus Matter, Phys.Lett.B145, (1984) 176-178.
[39] K. Maeda, Towards the Einstein-Hilbert Action via Conformal Transformation, Phys.Rev.D39, (1989) 3159,
8pp.
[40] J. D.Barrow and S. Cotsakis, nflation and the Conformal Structure of Higher Order Gravity Theories,
Phys.Lett.B214, (1988) 515-518.
[41] D. Wands, Extended gravity theories and the Einstein-Hilbert action, Class.Quant.Grav. 11, (1994) 269-280.
[42] G. Magnano and L.M. Sokolowski, On physical equivalence between nonlinear gravity theories and a general
relativistic selfgravitating scalar field, Phys.Rev.D50, (1994) 5039-5059.
[43] S. Capozziello, R de. Ritis and A A Marino, Conformal equivalence and Noether symmetries in cosmology,
Class.Quant.Grav. 14, (1998) 3259,12pp.
[44] T. Padamanabhan, Cosmological constant: The Weight of the vacuum, Phys.Rep.380, (2003) 235-320.
[45] G. J. Olmo, Post-Newtonian constraints on f(R) cosmologies in metric and Palatini formalism,
Phys.Rev.D72(2005) 083505, 10pp.
[46] G. Allemandi, M. Capone, S. Capozziello and M. Francavigli, Conformal aspects of Palatini approach in
extended theories of gravity, Gen.Relativ.Grav. 38, (2006) 33-60.
[47] T. P. Sotiriou, f(R) gravity and scalar-tensor theory, Class.Quant.Grav. 23, (2006) 5117-5128.
8
[48] T. P. Sotiriou, Curvature scalar instability in f(R) gravity, Phys.Lett. B645, (2007) 389-392.
[49] S. Capozziello, F. Darabi, D. Vernieri, Equivalence between Palatini and metric formalisms of f(R)-gravity
by divergence free current, Mod.Phys.Lett.A26, (2011) 65-72 , arXiv:1006.0454 [gr-qc].
[50] A. Sil and S. Som, The coincidence problem in f(R) gravity models, General Relativity and Gravitation 45,
(2013) 531-544.
[51] G. Allemandi, A. Borowiec, M. Francaviglia and S. D. Odintsov, Dark energy dominance and cosmic acceler-
ation in first order formalism, Phys.Rev. D72 (2005) 063505,19pp, arXiv:gr-qc/0504057, 2005.
9
